. Dissolution of these envelopes and those of H. halobium does not involve extensive proteolytic breakdown; with the latter organism, part of the dissolution was found to be unaffected by heating (3).
Envelopes of the extremely halophilic bacterium Halobacterium cutirubrum are stable in salt solutions of the same high ionic strength as the medium in which this organism grows. When placed in water the envelopes break up very rapidly, most of their protein, lipid, and ultraviolet-absorbing substances being found in particles which are not visible under the phasecontrast microscope, but which can be sedimented by centrifugation for 2 hr at 105,000 X g (11, 12) . Dissolution of these envelopes and those of H. halobium does not involve extensive proteolytic breakdown; with the latter organism, part of the dissolution was found to be unaffected by heating (3) .
It has been suggested that the breakdown of envelopes of the extreme halophiles in water involves a nonenzymatic splitting into particulate subunits (3) . However, the evidence that -dissolution is nonenzymatic did not seem conclusive, and, in addition, we believed that the breakdown of the components other than protein sho be studied. Envelopes of H. cutirubnrm -ad qther extreme halophiles also contain large amounts of lipids and substantial amounts of cihydrates, including hexosamines, but not -no C acid, as well as smaller amounts of nuclei acid and other phosphorus-containing substances (5, 12) . The fate of some of these envelope components during dissolution remained to be investigated.
It was observed earlier that Na+ preseves the integrity of intact cells of H. cutirubrum much more effectively than does K+ or NH,+, but it has no greater effect than these ions on envelopes or on cells made permeable by treatment with DISSOLUTION OF HALOPHILE ENVELOPES acid (1, 11) . In an attempt to explain this finding, we have now studied the ability of these cations to prevent loss of different envelope components and to reaggregate the particles from dissolved envelopes. We have also compared the lysis of whole cells that takes place in moderate KCI and NH4C1 concentrations with the lysis that takes place in water.
MATERIALS AND METHODS
The bacteria used, the preparation of envelopes, and many of the analytical methods employed have been described (11, 12) . Turbidity was read after 30 min at room temperature in a Hilger Spekker Absorptiometer with a no. 8 (675 m,) filter. Protein release from envelopes was measured, usually after 30 min at room temperature, by centrifuging for 30 min at 15,000 X g and determining the protein content of the supernatant fluid. A 100% turbidity was taken as that found in 4 M NaCl. The per cent protein released was calculated from the total amount present.
Water lysates were prepared by centrifuging envelopes and resuspending in water to a final concentration of 0.5 mg of protein per ml. In the experiments shown in Fig. 1 Table 3 , 0.5 ml of a cell suspension in 4 M NaCl was added to 20 ml of each solution tested or to 100 ml of 4 M NaCl; then 80 ml of 5M NaCl was added to all solutions but the last. After centrifugation, the supemant fluids were poured off, the precipitates were suspended in water, and the lipid phosphorus was measured.
Analytical methods. Lipids were extracted by the method of Bligh and Dyer (2) . Carbohydrates were determined by the anthrone reagent (16) .
For ultracentrifugation studies, concentrated envelope suspensions in 4.5 M NaCl were first dissolved by dialysis against a large volume of distilled water; this was followed by dialysis against the salt solution to be tested. Each dialysis was carried out for 10 to 16 hr at 25 C. Sedimentation analyses were carried out in a Spinco model E ultracentrifuge at 20 C, with schlieren optics. Sedimentation constants were calculated without correcting for medium viscosity or density.
Dinitrophenylation of intact and dissolved cell envelopes was performed essentially as described by Ingram and Salton (8) . For intact envelopes, 10 ml of a suspension (containing about 50 mg of protein) in 4 M NaCl plus 10 mg of NaHCO3 per ml were shaken with 20 ml of a 5% (v/v) ethyl alcoholic solution of fluorodinitrobenzene (saturated with NaCl and containing 0.2 M MgCl2) for 5 hr at room temperature in the dark. For dissolved envelopes, the same weight of envelopes was centrifuged and dissolved in 10 ml of water containing 10 mg of NaHCO3 per ml, and then shaken with 20 ml of a 5% (v/v) ethyl alcoholic solution of fluorodinitrobenzene for 5 hr at room temperature in the dark. Both kinds of envelopes were then dialyzed against 4 M NaCl for 3 days, and equal volumes of 10% trichloroacetic acid were added to the dialyzed solutions. 2,4-Dinitrophenol (DNP)-protein was precipitated by centrifuging at 15,000 X g for 10 min, washed four times each with ethyl alcohol and ether, and dried in vacuo. The methods of hydrolysis, extraction, and paper chromatography were the same as used by Ingram and Salton (8 Envelope suspensions heated at 60 C for 1 hr I into spheres after 40 min at 60 C, appeared unchanged to the naked eye, but phaseis readily lysed by lowering the salt contrast examination revealed many smallclumps on of the suspending medium as un-of coagulated envelopes. Turbidity of these sus- Brown (3) found that envelopes of pensions was less affected by lowering the salt m broke down on dilution in two concentration than was that of unheated envery rapid, temperature-independent velopes (Fig. 3) , and many of the heated ene and a subsequent slower, tempera-velopes remained intact in water. Adding unlent phase. Such a diphasic breakdown heated envelopes to heated ones in water did not bserved in H. cutirubrum envelopes cause any further decrease in turbidity of the ng envelopes of H. halobium at 100 C latter (Fig. 4) . From these experiments, we conmin did not affect the first stage of clude that some dissolution occurs in heated though it abolished the second (3).
envelopes, and that the obserived i] of nined envelopes of H. cutirubrum dissolution is due to coagulationiid, Dr at 100 C for 20 min or at 60 C for protein rather than to the inactivation' r the former treatment, one-third to enzyme system. the total material was visibly coaguSplitting of peptide bonds during, envehW dsvas removed by centrifugation for 10 solution. It is well established that dai of 00 X g. The supernants fluids con-envelopes of H. cutirubrum and H. N rical particles which, in water, broke not caused by extensive splitting of peptid$ibdids ch smaller fragments, but which were (3, 11 (11) . However, this is not the only possible interpretation, since we found that an aqueous suspension of isolated lipids from H. cutirubrum also sediments under these conditions. Protein-bound lipid is not soluble in chloroform, but free lipid is (9) . Envelopes contained no free lipid, whether or not they had been exposed to low salt concentrations, and, again, we conclude that dilution does not break lipid-protein linkages.
Effect of metabolic inhibitors on dissolution of envelopes. The following enzyme inhibitors, all in the concentration 0.01 M, had no effect on the loss of turbidity of envelopes suspended in water: NaN3, NaCN, and HgCl2. Copper sulfate (0.01 M) increased the turbidity compared with that found in 4 M NaCl, presumably by precipitating the proteins.
Effects ofalcohols and urea on envelopes. Abram and Gibbons (1) observed that intact cells of H. cutirubrum were lysed by high concentrations of urea, even in the presence of 4 M NaCl, and that surface-active agents also caused lysis. There was considerable dissolution of the envelopes of this organism in ethyl alcohol (10%), n-butanol (3%), and urea (5 M), even in the presence of 4 M NaCl ( Table 2 ). The alcohols had no effect on envelopes heated at 100 C for 15 min. Butanol treatment did not increase the free lipid in the envelope, indicating that butanol did not act by breaking lipid-protein bonds, as has been suggested (15) . It has also been suggested that butanol acts on hydrogen bonds as urea is thought to do, although urea may also act on hydrophobic bonds (7) . (Table 3 ). The sedimentation after 30 min at 15,000 X g was less than that of mechanically isolated envelopes, which are completely sedimented under these conditions (11, 12) , but was virtually complete after 1 hr at 31,000 X g. Hence, the cell envelopes must have broken up, if at all, into fairly large particles. Abram and Gibbons (1) reported that H. cutirubrum formed spheres in 2 M KCl or NH4Cl, a change in shape we also observed. However, since these spheres were dim under phase contrast, it was not possible to determine whether the conversion was quantitative. These experiments do show that lysis in 2 M KCl and NH4Cl does not involve as extensive envelope breakdown as does lysis in water.
Pattern of release of envelope constituents in different salts. It has been suggested (11) that specific sites on the cell envelope require a high concentration of Na+ in the surrounding medium for support, and that other sites require a high concentration of K+ or NH4+. If this were so, it seemed possible that Na+ would specifically prevent the release of certain envelope constitu- ents and that K+ or NH4+ would prevent the release of others; also, a differentpatternofrelease of envelope constituents would be obtained as the concentration of each of these salts was decreased. After suspending envelopes for 2 hr at room temperature in each solution studied and centrifuging at 15,000 x g for 30 min, the release into the supernatant fluid of protein, total phosphorus, carbohydrate, and ultraviolet-absorbing, substances was measured. There was no consistent difference in the pattern of release of these sub- stances in corresponding concentrations of NaCl and KCl (Table 4) . NH4C1 was more effective than NaCl and KC1 in preventing the release of carbohydrate and, as found earlier (11), of protein. It was not especially effective in preventing the loss of phosphorus or of ultraviolet-absorbing compounds. The small fragments into which envelopes in 1 and 2 M NH4Cl break (11) apparently have lost phosphorus and ultravioletabsorbing substances. As expected (11), MgCl2 was very effective in low concentrations in preventing the release of all constituents studied. It cannot be deduced from these experiments that Na+ and K+ act on different sites. They do support the findings that breakdown of envelopes in NH4C1 is different from that in NaCl and KCI, but this has not been investigated further. Ultracentrifugation studies. When salt was added to envelopes that had dissociated in water, no reformation of particles was seen under the phase-contrast microscope. However, ultracentrifugation studies, which we carried out with the hope that they would provide some clue to the differential action of NaCl and KCl, have showed that addition of salts can cause an aggregation of smaller particles into larger ones.
In 0. showed a "shoulder" of rapidly moving material which pulled away from a slower main peak with an uncorrected sedimentation coefficient, S = 5.2 (Fig. 5) . As the salt concentration was increased, the amount of rapidly moving material increased and the size of the residual slowermoving peak decreased. This presumably represents a rather nonspecific aggregation of smaller into larger particles. It is seen most strikingly in concentrations of NaCl and KC1 of 2 and 4 M, in which a very large peak appeared immediately but rapidly spread. No difference was seen between the action of NaCl and KCl at concentrations of 2 M or less. A peak remained after 20 min in 3 and 4 M NaCl, but not in 3 and 4 M KCI (3 M not shown in Fig. 5) . Thus, at the highest concentrations, KCI, but not NaCl, caused certain envelope particles to aggregate. Because of the obviously random nature of this aggregation, these results are difficult to relate to the effect of monovalent salts on intact cells and envelopes, but they certainly do not show any preferential maintenance of envelope integrity by NaCl.
DIscussIoN
Mohr and Larsen (14) found that a number of metabolic inhibitors, including cupric and mercuric ions, did not affect the structural transformations or the lysis of H. salinarium in varying concentrations of different salts. They concluded that it was very unlikely that such transformations had an enzymatic basis. We have found that cyanide, azide, and mercuric ions do not inhibit envelope dissolution, although cupric ions coagulate envelopes so that their dissolution in water can no longer be measured. Brown (3) concluded from the rapidity of dissolution of envelopes of H. halobium and from the fact that peptide bonds were not broken during dissolution that the process was not enzymatic. We (11) . It seems pertinent that Na+ has a specific effect on transport in a marine bacterium (6), presumably through an action on some part of the cell membrane.
Ultracentrifugation studies on dissociated envelopes have shown that raising the salt concentration leads to a nonspecific aggregation of the dissolved particles. Brown (4) has recently described a magnesium-dependent dissociation and nonspecific reaggregation of 70S particles from sonically treated Sarcina lutea protoplasts. Considering the degree of dispersion of halophile envelopes in water and the probability of protein denaturation (13), it is not surprising that the reaggregation in higher salt concentrations is nonspecific and that organized structures are not formed again. However, the fact that aggregation occurs at all is consistent with the supporting role postulated for salts on the envelopes of extreme halophiles. 
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